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APPARATUS AND METHOD FOR PRODUCING 
DISPLAY APPLICATION SOFTWARE FOR 

EMBEDDED SYSTEMS 

[0001] The present invention relates generally to an appa 
ratus and method for producing display application softWare 
for embedded systems. 

BACKGROUND OF THE INVENTION 

[0002] Every year, billions of dollars are spent under 
government and commercial projects to develop application 
softWare for embedded systems, including those used for 
transportation systems, defense systems, communication 
systems, automation systems, control systems, “smart” sys 
tems, etc. In most cases, the display application softWare 
(that is, the code) is developed and generated from scratch. 
Other advanced methods for producing display application 
softWare that are currently used in the industry, include 
automatic code (autocode) generation of the display appli 
cation softWare code (from a speci?cation). 

[0003] The re-use of this display application softWare is 
only considered cost-effective if the neW, embedded system 
is very similar to the previously developed system (such as 
the display part of the ?ight management application soft 
Ware used in airplanes). Even in such cases, many “re-use” 
attempts fail to be cost effective due to hidden dependencies 
and unique attributes that make such display application 
softWare products incompatible. 

[0004] Thus, an innovative solution for “display applica 
tions” that can be used Within embedded softWare systems is 
required. 

SUMMARY OF THE INVENTION 

[0005] In one aspect consistent With the methods and 
systems of the present invention, there is provided a method 
of creating a display application, including: receiving a set 
of user-de?ned display data objects and attributes of the 
display data objects; formatting the display data objects into 
a Bytecode that de?nes components and attributes of the 
display application; providing the Bytecode to a Virtual 
Engine; and generating an output that represents informa 
tion, functionality and behavior of the display application 
provided in the Bytecode. 

[0006] In yet another aspect consistent With the present 
invention, there is provided a method of creating a display 
application, including: receiving a set of user-de?ned dis 
play data objects and attributes speci?c to the display 
application created using a user interface tool; transforming 
the user-de?ned display data objects into a Bytecode that 
provides information needed by a Virtual Engine to produce 
functionality and products intended for the display applica 
tion; storing static data of the Bytecode in a Static Object 
Buffer and making it available to an Output Manager; 
managing multiple sets of dynamic data of the Bytecode in 
a Handle Table Which includes information about Where 
each dynamic data set is stored and a list of actual output 
data; storing dynamic data in a Dynamic Update Buffer to 
prevent one of incorrect usage and access of the dynamic 
data While the dynamic data is still being updated in the 
Handle Table; interpreting the dynamic data and updating 
the Dynamic Update Buffer With the interpreted data; and 
generating output from the Dynamic Update Buffer to the 
Output Manager that represents information provided in the 
Bytecode. 
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[0007] In yet another aspect consistent With the present 
invention, there is provided a system for creating a display 
application, including: means for receiving a set of user 
de?ned display data objects and attributes of the display data 
objects speci?c to the display application; means for for 
matting the display data objects into a Bytecode that de?nes 
components and attributes of the display application; means 
for providing the Bytecode to a Virtual Engine; and means 
for generating an output that represents information, func 
tionality and behavior of the display application provided in 
the Bytecode. 

[0008] In yet another aspect consistent With the present 
invention, there is provided a system for creating a display 
application, including: means for receiving a set of user 
de?ned display data objects and attributes speci?c to the 
display application created using a user interface tool; means 
for transforming the user-de?ned display data objects into a 
Bytecode that provides functionality and products intended 
for the display application needed by a Virtual Engine to 
produce the display application; means for storing static data 
of the Bytecode in a Static Object Buffer and making it 
available to an Output Manager; means for managing mul 
tiple sets of dynamic data of the Bytecode in a Handle Table 
Which includes information about Where each dynamic data 
set is stored and a list of actual output data; means for storing 
dynamic data in a Dynamic Update Buffer to prevent one of 
incorrect usage and access of the dynamic data While the 
dynamic data is still being updated in the Handle Table; 
means for interpreting the dynamic data and updating the 
Dynamic Update Buffer With the interpreted data; and means 
for generating output to the Output Manager from the 
Dynamic Update Buffer, that represents information pro 
vided in the Bytecode. 

[0009] In yet another aspect consistent With the present 
invention, there is provided an apparatus for creating a 
display application, including: a user interface tool Which 
creates display data objects and attributes of the display data 
objects speci?c to the display application; an object com 
piler Which formats the display data objects and the 
attributes into a Bytecode; and a Virtual Engine Which 
interprets the Bytecode to produce a predetermined func 
tionality and products intended for the display application. 

[0010] In yet another aspect consistent With the present 
invention, there is provided an article of manufacture includ 
ing: a computer usable medium having a computer readable 
program code embodied therein con?gured to create a 
display application, including: a computer readable program 
code con?gured to cause a computer to receive a set of 
user-de?ned display data objects and attributes of the dis 
play data objects speci?c to the display application; format 
the display data objects into a Bytecode that de?nes com 
ponents and attributes of the display application; provide the 
Bytecode to a Virtual Engine; and generate an output that 
represents information, functionality, and behavior of the 
display application provided in the Bytecode. 

[0011] In yet another aspect consistent With the present 
invention, there is provided an article of manufacture includ 
ing: a computer usable medium having a computer readable 
program code embodied therein con?gured to create a 
display application, including: a computer readable program 
code con?gured to cause a computer to receive a set of 
user-de?ned display data objects and attributes speci?c to 
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the display application created using a user interface tool; 
transform the user-de?ned display data objects into a Byte 
code that provides information needed by a Virtual Engine 
to produce a predetermined functionality and products 
intended for the display application; store static data of the 
Bytecode in a Static Object Buffer and make it available to 
an Output Manager; manage multiple sets of dynamic data 
of the Bytecode in a Handle Table Which includes informa 
tion about Where each dynamic data set is stored and a list 
of actual output data; store dynamic data in a Dynamic 
Update Buffer to prevent one of incorrect usage and access 
of the dynamic data While the dynamic data is still being 
updated in the Handle Table; interpret the dynamic data and 
updating the Dynamic Update Buffer With the interpreted 
data; and generate output to the Output Manager from the 
Dynamic Update Buffer that represents information pro 
vided in the Bytecode. 

[0012] In yet another aspect consistent With the present 
invention, there is provided a computer-readable medium 
having contents that cause a computer system to create a 

display application, the computer system having a program 
that performs the steps of: receiving a set of user-de?ned 
display data objects and attributes of the display data objects 
speci?c to the display application; formatting the display 
data objects into a Bytecode that de?nes components and 
attributes of the display application; providing the Bytecode 
to a Virtual Engine; and generating an output that represents 
information, functionality and products of the display appli 
cation provided in the Bytecode. 

[0013] In yet another aspect consistent With the present 
invention, there is provided a computer-readable medium 
having contents that cause a computer system to create a 
display application, the computer system having a program 
that performs the steps of: receiving a set of user-de?ned 
display data objects and attributes speci?c to the display 
application created using a user interface tool; transforming 
the user-de?ned display data objects into a Bytecode that 
provides information needed by a Virtual Engine to produce 
a predetermined functionality and products intended for the 
display application; storing static data of the Bytecode in a 
Static Object Buffer and making it available to an Output 
Manager; managing multiple sets of dynamic data of the 
Bytecode in a Handle Table Which includes information 
about Where each dynamic data set is stored and a list of 
actual output data; storing dynamic data in a Dynamic 
Update Buffer to prevent one of incorrect usage and access 
of the dynamic data While the dynamic data is still being 
updated in the Handle Table; interpreting the dynamic data 
and updating the Dynamic Update Buffer With the inter 
preted data; and generating output to the Output Manager 
from the Dynamic Update Buffer that represents information 
provided in the Bytecode. 

[0014] In a ?nal aspect of the present invention, there is 
provided a computer system for creating a display applica 
tion, the computer system including: a memory including: at 
least one program for receiving a set of user-de?ned display 
data objects and attributes of the display data objects speci?c 
to the display application; formatting the display data 
objects into a Bytecode that de?nes components and 
attributes of the display application; providing the Bytecode 
to a Virtual Engine; and generating an output that represents 

Oct. 14, 2004 

information, functionality and products of the display appli 
cation provided in the Bytecode; and a processor for running 
the program. 

[0015] There has thus been outlined, some features con 
sistent With the present invention in order that the detailed 
description thereof that folloWs may be better understood, 
and in order that the present contribution to the art may be 
better appreciated. There are, of course, additional features 
consistent With the present invention that Will be described 
beloW and Which Will form the subject matter of the claims 
appended hereto. 

[0016] In this respect, before eXplaining at least one 
embodiment consistent With the present invention in detail, 
it is to be understood that the invention is not limited in its 
application to the details of construction and to the arrange 
ments of the components set forth in the folloWing descrip 
tion or illustrated in the draWings. Methods and apparatuses 
consistent With the present invention are capable of other 
embodiments and of being practiced and carried out in 
various Ways. Also, it is to be understood that the phrase 
ology and terminology employed herein, as Well as the 
abstract included beloW, are for the purpose of description 
and should not be regarded as limiting. 

[0017] As such, those skilled in the art Will appreciate that 
the conception upon Which this disclosure is based may 
readily be utiliZed as a basis for designing other structures, 
methods and systems for carrying out the several purposes 
of the present invention. It is important, therefore, that the 
claims be regarded as including such equivalent construc 
tions insofar as they do not depart from the spirit and scope 
of the methods and apparatuses consistent With the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a ?oWchart shoWing an overvieW of one 
embodiment of the architecture consistent With the methods 
and systems of the present invention. 

[0019] FIG. 2 is a ?oWchart shoWing the operational steps 
in one embodiment of the methods and systems consistent 
With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Methods and systems consistent With the present 
invention include, in one embodiment, producing display 
application softWare for embedded systems. In particular, 
methods and systems consistent With the present invention 
include a display application technology architecture Which 
partitions the display application softWare into tWo major 
separate components: 

[0021] a) a Bytecode (data), Which is an organiZed 
collection of static and dynamic data elements that 
de?nes the components and attributes of the display 
application function Within the given system. The 
Bytecode is generated from a set of display data 
objects (non-code) Which de?ne the speci?c charac 
teristics of the display, by a system user or designer 
utiliZing a user-friendly tool called the User Interface 
Tool 100. The system user or designer can de?ne, 
design, test, and validate the system using the User 
Interface Tool 100. 
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[0022] b) an entity, called the Display Virtual Engine 
(VE) 102 (code) or Virtual Machine (VM), the VE 
102 Which manipulates (interprets) the information 
provided by the display data obj ects of the Bytecode. 
In particular, in one embodiment, the VE 102 is a 
softWare entity executed Within an embedded system 
that interprets the Bytecode according to a pre 
de?ned instruction set. 

[0023] Methods and systems consistent With the present 
invention include the feature that the same VE 102 can be 
used (and reused) Within several embedded systems that 
have display components (e.g., cars, ships, and airplanes all 
have display systems for their operators and all can use the 
same Display VE 102). 

[0024] Thus, the methods and systems consistent With the 
present invention minimiZe the need for softWare program 
ming, alloWing a system user or designer to de?ne the 
display data objects for the user’s unique system, integrate 
them With the reusable VE 102, and generate the customiZed 
display application softWare. In one embodiment, the User 
Interface Tool 100 runs on commercial data processing 
systems such as personal computers (PCs) 101 and provides 
a convenient Way of providing access to the capabilities of 
the VE 102. 

[0025] Once the VE 102 consistent With the present inven 
tion is in place, softWare production for the display appli 
cation Would be reduced to 1) design of system con?gura 
tion (i.e., selection of desired objects), and 2) veri?cation of 
con?guration object ?les processed by the VE 102. SoftWare 
design changes are primarily accomplished via changes to 
con?guration objects—there are no VE code changes 
thereby reducing softWare integration and maintenance cost. 

[0026] Thus, the architecture consistent With the present 
invention alloWs handling of dynamic display objects and 
their attributes, and makes the data objects and the VE 102 
building blocks of a larger integrated system, alloWing data 
objects to be driven by external events (such as a user 
command) or change based on a timing pro?le (such as 
cyclic updates). This dynamic capability is an asset in the 
embedded system. 

[0027] The actual implementation of the present invention 
can be performed using existing technologies. That is, 
implementation does not require an innovation. 

[0028] With respect to FIGS. 1 and 2, the methods and 
systems consistent With the display application technology 
architecture of the present invention Will noW be described. 

[0029] As shoWn in FIG. 1, the architecture consistent 
With the present invention, includes a set of support tools, 
shoWn as the User Interface Tool 100 Which runs in memory 
120 on, for example, a data processing system such as a 
personal computer (PC) 101, Which alloWs end-users and 
system designers/analysts to interact With the VE 102 to 
rapidly design, modify, and/or test and validate the display 
application softWare. 

[0030] In particular, the User Interface Tool 100 is pro 
vided for the user or system designer, in step S100, to de?ne 
the menu-driven display softWare objects and data (that is, 
the system and domain speci?c data) Which the user can 
easily manipulate. The user can create, save, load, and edit 
object de?nition ?les utiliZing the User Interface Tool 100. 
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[0031] The display data objects are required to be de?ned 
in a speci?c format and syntax, and can be de?ned as either 
static or dynamic objects. Each of the objects can have a 
number of both static and dynamic attributes that further 
de?ne the object, and Which are de?ned by the user. For 
example, display objects can be a line, circle, ellipse, 
rectangle, polygon, text, numeric readout, tape, bar, ADI 
(Attitude Directive Indicator), HIS (Horizontal Situation 
Indicator), ?lled dial, or World map. (ADI and HIS are 
examples of complex or group objects that are collections of 
a number of simpler display objects, treated as single 
entities.) Object attributes include, for example, height, 
Width, color, text, siZe, position, minimum value, maximum 
value, current value, sign enable, rotation, group ID, object 
caption, line patterns, or digit formatting. Each object main 
tains a static copy of its original attribute data, a dynamic 
copy, and storage for computational data, and reference to 
any unique error handling. 

[0032] Once the display data objects are de?ned and 
received by the User Interface Tool 100 in step S101, the 
User Interface Tool 100 alloWs the user to immediately test 
the resulting display application softWare on the target 
(Without any need for embedded softWare programming, 
softWare compilation, linking, softWare loading, etc.) to 
validate the format and completeness of the display objects. 

[0033] The User Interface Tool 100 provides access to 
other elements of the system, such as 1) the compiler 119, 
target loading and interface maps, 2) engine activation, 
access to external interfaces for simulation and testing, and 
3) application development and debugging, and document 
support. 

[0034] In particular, the User Interface Tool 100 converts 
the visual representation and object de?nitions created by 
the user to a scripting language in step S102, and submits 
this script to the object compiler 119. The compiler 119 can 
be embedded Within the User Interface Tool 100, or can be 
used by the user in association With the User Interface Tool 
100. In either case, the compiler 119 resides and is executed 
on the PC 101. 

[0035] The compiler 119 checks and validates display 
object and object attributes de?nitions based on this script 
ing language in step S103. Each object maintains a static 
copy of its original attribute data, a dynamic copy, and 
storage for computational data, and reference to any unique 
error handling. In particular, the compiler 119, Which main 
tains a master list of all objects and attributes, associates 
objects and their attributes With memory addresses from a 
user-supplied “load map” (i.e., a list that speci?es the source 
of external inputs or outputs for an application). 

[0036] Scripting is used to access target memory and to 
modify or manipulate each object attribute by direct target 
memory reference or through more complex mechanisms. 
For example, scripts are used to change the color or radius 
of a circle When the value at a referenced target memory 
location reaches a particular value. This is considered con 
sistent usage, but using scripts to perform computation to 
derive limits from external data sources, for example, is an 
inconsistent usage. 

[0037] The scripts are comprised of distinct “sections” that 
include lexical and syntax information. Examples of sec 
tions are: static text, and dynamic graphical objects. Script 
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ing is simple by design and is not intended to be a general 
purpose programming language. 

[0038] Using the User Interface Tool 100, the display data 
objects and attributes are saved in a database 118 at the PC 
101 (or at a remote server) for further processing in step 
S104. This database 118 uses a display domain-speci?c 
syntax de?ned for each kind of database record, and its 
content can be revieWed and modi?ed by the user. 

[0039] The display ?les include scripts that describe in 
human readable format hoW a collection of objects Will 
appear and be animated on the display. As stated above, this 
information is then processed by the object compiler 119 in 
step S105, Which uses the script and optimiZes object 
information, checks for consistency, grammar, lexical and 
semantic errors, and then formats or transforms the human 
readable format of the display data objects to a context free, 
optimiZed set of loW level primitive instructions (the Byte 
code) in step S106, Which are matched to the capabilities of 
the VE 102 in an effort to minimiZe target processor utili 
Zation. 

[0040] Thus, the “Bytecode” is produced by the compiler 
119 and provided to the Application 104 for processing 
(interpretation) by the VE 102 in steps S107 and S108. The 
Application 104 runs in memory and includes the Display 
Bytecode and Application 103 and the VE 102. The Display 
Bytecode and Application 103 can reside and be executed in 
tWo general types of computer con?gurations: 1) on the host 
computer (PC 101) Where local testing and validation of the 
application softWare can take place, or 2) on a target 
computer that is part of an operational system, such as an 
airplane, car, or computer used in a bank. In the target 
con?guration case, the Bytecode can be sent to the VE 102 
on the operational system (in one embodiment, over a 
netWork using TCP/IP, for example). Then the Bytecode is 
matched to the capabilities of the VE 102 (in this case) for 
processing and interpreting them, regardless of Which com 
puter con?guration (host or target) is being used. The user 
can access and analyZe/correct errors generated by the 
compiler 119 on the PC 101. 

[0041] The Bytecode is a collection of display data objects 
and their attributes that provide all the information needed 
by the VE 102 to produce the desired display functionality 
and products intended for the application softWare. Further, 
the Bytecode is a binary compilation of the information that 
is understood by the Display VE 102. To elaborate, the VE 
102 itself is a compilation of the underlying machine 
instructions (hence code). In contrast, the Bytecode is a 
compilation of the “instructions” for the VE 102. The 
underlying computing machine (i.e., computer) does not 
execute the Bytecode directly. Hence the Bytecode is treated 
by the computer as data. The Application 104 manages the 
Bytecode. 

[0042] The intent of the VE 102 is to support the display 
and update the graphics objects based upon the compiler 
produced Bytecode and the contents of the computer 
memory. As stated above, the VE 102 processes (interprets) 
object information based on a set of rules, and the static and 
dynamic attributes of the objects. The VE 102 reads 
addresses from object de?nitions for objects and attributes 
linked to external variables, and performs logical and arith 
metic operations on objects/attributes. For example, the VE 
102 performs cyclic computational updates based upon user 
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inputs and object attributes. The VE 102 manages changes 
to the dynamic attributes of the objects and updates the 
attributes. HoWever, objects are only updated When their 
associated data changes. Thus, the VE 102 is fully deter 
ministic and veri?able. 

[0043] The VE 102 interprets the compiler code in units of 
objects. Each object is “selected” for interpretation based 
upon object internal criteria (derived from end-user inputs). 
Objects Without criteria (i.e., no target memory references) 
are interpreted once and are skipped thereafter. Other objects 
are interpreted based upon a change in their referenced target 
memory values and/or because a timing event has occurred 
(for example, a cyclic execution rate). Interpreted objects 
may result in a data transfer to external elements. If objects 
contain scripts, then the VE 102 passes control to such 
scripts, and the scripts execute not in target machine code 
units, but in VE primitive execution units. VE primitive 
execution units are designed to operate as a stack-based 
machine. Execution alloWs standard mathematical opera 
tors, logical operators, comparison operators, conditional 
branch operators, and target memory referencing operators 
(no loop or trigonometric operations). 

[0044] The VE 102 encapsulates (separates, hides—not 
visible to or shared across data objects) each object and as 
a result, localiZes possible computational and display errors. 
Thus, a problem associated With the display of an object 
cannot corrupt the display of any other object, improving 
liability. 

[0045] The VE 102 does not contain any tasking capabili 
ties, memory management capabilities or hardWare speci?c 
interfaces With external devices. The target machine envi 
ronment executes the VE 102 at a rate designed for the 
display application. The VE 102 assumes a simple rate 
monolithic scheduler, but could also be designed for use 
With a more complex scheduler (such as foreground/back 
ground). Since the Bytecode includes both dynamic and 
static objects (or data) elements, and the dynamic elements 
change, preferably a Working Copy 105 of the Bytecode can 
be generated in step S109, Within the direct control by the 
VE 102 for convenient management and updates. 

[0046] The program determines if the data is dynamic in 
step S110, and if not, provides the static data to the Static 
Object Buffer in step S111. The Static Object Buffer 106, 
Within the VE 102, is a data storage for storing the static data 
of the Bytecode, and making it available to the Multi 
function Display Unit (MDU) Manager 107 in step S112. 
Examples of the static display data are the display skeleton 
and frame, and all display elements that remain unchanged 
for a particular display page. 

[0047] If the program determines the data to be dynamic 
in step S110, the dynamic data of the Bytecode from the 
Working Copy 105 is provided to the Handle Table 108 in 
the VE 102 in step S113 for handling by the Handle Table 
108, Which is intended to alloW the VE 102 to manage 
multiple sets of dynamic data. The Handle Table 108 
includes information about Where each data set is stored 
(data pointers) and the list of the actual output data. 

[0048] The dynamic data from the Handle Table is stored 
in the Dynamic Bytecode History 109 of the VE 102 in step 
S114, Which is a storage for such dynamic data from the 
Handle Table 108, in case of errors and recovery from 
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erroneous situations, and/or if there is a need for access to 
the past data. In that event, the Dynamic Bytecode History 
109 Will update the Display Update 110 (described below). 

[0049] The Display Update 110 is a main processing 
engine of the Display VE 102. The Display Update 110 
interprets the display data and updates the Dynamic Update 
Buffer 111 accordingly in step S115. 

[0050] The Dynamic Update Buffer 111 is a set of data 
storage for the dynamic data used by the VE 102, Which 
receives the dynamic data from the Handle Table 108 for 
updates in step S116. Use of this “separate” storage prevents 
incorrect usage or access of the dynamic data While such 
data is still being updated in the Handle Table 108. 

[0051] The Display Update 110 cyclically generates out 
puts (for example at 12.5 HZ) that represent information 
provided in the Bytecode. For example, the Bytecode 103 
indicates that if data item X exceeds data item Y, then data 
item Z must be provided to the MDU Manager 107 for 
sending to the output device 115 (or 113, 114, or 116) in step 
S117. This element of the VE 102 is executed by the 
computer cyclically, to generate the desired outputs periodi 
cally. 
[0052] The Multi-function Display Unit (MDU) Manager 
107 interfaces With the desired Multi-function Display Units 
(MDUs) 113-116 that are the output devices, and provides 
them the ?nal data in step S118. The MDU Manager 107 is 
provided With exact format and characteristics of the MDUs 
(in this example, output devices 113-116). 

[0053] Finally, the Stop Application 117 alloWs the user to 
stop the execution of a single display by the VE 102 and all 
outputs to the MDU Manager 107, Which then deletes the 
Handle Table and Buffers. 

[0054] Thus, the methods and system consistent With the 
present invention include an architecture (supported by a 
User Interface Tool) that alloWs a system user or designer to 
de?ne, test, and validate the display data objects for his/her 
unique system, integrate them With the re-usable VB, and 
generate the display application softWare Without the need 
for programming. Once the initial de?nition and validation 
is complete, the system can proceed to formal veri?cation, 
certi?cation, and operation of the display application. The 
VE (code) only needs to be veri?ed/certi?ed for the ?rst 
system. After that, veri?cation/certi?cation tasks for subse 
quent con?gurations of such a system, or other systems that 
need display application, Would be reduced to data (and not 
code) veri?cation and certi?cation since the VE (code) part 
Would be unchanged, greatly reducing the cost and schedule 
for display systems. 

[0055] Thus, methods and systems consistent With the 
present invention automate the generation of embedded 
softWare display applications beyond automatic generation 
of code, and greatly simplify their maintenance. 

[0056] Further, the present invention can be implemented 
on different computer platforms (processors), and imple 
mented in different languages (such as Ada and C++). Thus, 
signi?cant reduction in cost and schedule can be achieved 
during de?nition, validation, production and maintenance of 
the embedded display application softWare. 

[0057] The performance of the design architecture is 
acceptable for display application domains, and can be used 
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for rapid development (in a matter of minutes) of embedded 
display softWare in many systems, including but not limited 
to, air, ground, and space transportation systems, real-time 
systems, communication systems, military systems, com 
mercial and industrial systems, ground control, mainte 
nance, and support facilities, and test and simulation facili 
ties, and the like. 

[0058] One of ordinary skill in the art Would appreciate 
that the above-described embodiments of the invention are 
merely possible examples of implementations Which are set 
forth for a clear understanding of the principles of the 
invention. For example, one of ordinary skill in the art Would 
appreciate that methods, systems, and articles of manufac 
ture consistent With the present invention may also be 
implemented in a client-server environment. In that case, a 
client computer system and server computer system are each 
connected to a netWork, such as a Local Area NetWork, Wide 
Area NetWork, or the Internet. Some or all of the code or 
data can be stored on either the client or the server computer 
system, and some or all of the steps of the processes can be 
carried out on the server computer system, Which is accessed 
by the client computer system over the netWork. 

[0059] Further, although aspects of one implementation 
are depicted as being stored in memory, one of ordinary skill 
in the art Would appreciate that all or part of the systems and 
method consistent With the present invention may be stored 
on or read from other computer-readable media, such as 
secondary storage devices, like hard disks, ?oppy disks, and 
CD-ROM; a carrier Wave received from a netWork such as 
the Internet; or other forms of ROM or RAM. Further, one 
of ordinary skill in the art Would appreciate that a generic 
embedded application technology architecture suitable for 
use With methods, systems, and articles of manufacture 
consistent With the present invention may contain additional 
or different components. 

[0060] When introducing elements of the present inven 
tion or the preferred embodiment(s) thereof, the articles “a”, 
“an”, “the” and “said” are intended to mean that there are 
one or more of the elements. The terms “comprising”, 
“including” and “having” are intended to be inclusive and 
mean that there may be additional elements other than the 
listed elements. 

[0061] As various changes could be made in the above 
constructions Without departing from the scope of the inven 
tion, it is intended that all matter contained in the above 
description or shoWn in the accompanying draWings shall be 
interpreted as illustrative and not in a limiting sense. 

What is claimed is: 
1. Amethod of creating a display application comprising: 

receiving a set of user-de?ned display data objects and 
attributes of said display data objects; 

formatting said display data objects into a Bytecode that 
de?nes components and attributes of the display appli 
cation; 

providing said Bytecode to a Virtual Engine; and 

generating an output that represents information, func 
tionality and behavior of the display application pro 
vided in said Bytecode. 

2. The method according to claim 1 Wherein said Virtual 
Engine is reusable. 
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3. The method according to claim 1 further comprising 
providing a user interface tool With Which to de?ne and 
validate the display data objects and attributes of said 
display data objects. 

4. The method according to claim 1 Wherein said Virtual 
Engine is veri?ed/certi?ed for a ?rst display application 
only. 

5. The method according to claim 3 Wherein said user 
interface tool is provided on a data processing system. 

6. The method according to claim 5 further comprising 
converting said user-de?ned display data objects and said 
attributes of said display data objects into a scripting lan 
guage. 

7. The method according to claim 1 Wherein said display 
data objects are de?ned as at least one of static and dynamic 
objects. 

8. The method according to claim 1 Wherein said display 
data objects are de?ned in a speci?c format and syntax. 

9. The method according to claim 1 Wherein said display 
data objects are menu-driven. 

10. The method according to claim 1 Wherein said display 
data objects include lines, circles, ellipses, rectangles, poly 
gons, text, numeric readouts, tapes, bars, ADI, HIS, ?lled 
dials, and World maps. 

11. The method according to claim 1 Wherein said 
attributes of said display data objects include height, Width, 
color, text, siZe, position, minimum value, maximum value, 
current value, sign enable, rotation, group ID, object cap 
tion, line patterns, and digit formatting. 

12. The method according to claim 1 Wherein said display 
data objects maintain a static copy of original attribute data, 
a dynamic copy, a storage for computational data, and 
reference to any unique error handling. 

13. The method according to claim 1 Wherein each of said 
display data objects is encapsulated. 

14. The method according to claim 1 further comprising 
storing said set of user-de?ned display data objects and 
attributes of said display data objects in a memory. 

15. The method according to claim 11 further comprising 
processing said display data objects stored in said memory 
using an object compiler. 

16. The method according to claim 15 Wherein said 
formatting step is performed by said object compiler to 
produce said Bytecode. 

17. The method according to claim 15 Wherein said object 
compiler is embedded Within the user interface tool. 

18. The method according to claim 15 Wherein said object 
compiler resides and is executed on a data processing 
system. 

19. The method according to claim 15 Wherein said object 
compiler maintains a master list of all said display data 
objects and said attributes of said display data objects. 

20. The method according to claim 6 further comprising 
checking and validating said display data objects and said 
attributes of said display data objects based on said scripting 
language. 

21. The method according to claim 20 Wherein said 
scripting language is comprised of distinct sections that 
include lexical and syntax information. 

22. The method according to claim 21 Wherein said 
sections include static text and dynamic graphical objects. 

23. The method according to claim 16 further comprising 
displaying the Bytecode and executing the display applica 
tion on one of a host computer Where local testing and 
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validation of the application softWare can take place, and a 
target computer that is part of an operating system. 

24. The method according to claim 1 further comprising 
generating, using said Virtual Engine, a Working Copy of 
said Bytecode for management and updates. 

25. The method according to claim 1 further comprising 
storing static data of said Bytecode in a Static Object Buffer. 

26. The method according to claim 1 further comprising 
providing dynamic data from said Bytecode to a Handle 
Table. 

27. The method according to claim 26 Wherein said 
Handle Table alloWs said Virtual Engine to manage multiple 
sets of said dynamic data. 

28. The method according to claim 27 further comprising 
storing dynamic data from said Handle Table in a Dynamic 
Bytecode History storage for error recovery. 

29. The method according to claim 27 further comprising 
storing dynamic data from said Handle Table in a Dynamic 
Update Buffer to prevent one of incorrect usage and access 
of said dynamic data during updating by said Handle Table. 

30. The method according to claim 29 further comprising 
interpreting said dynamic data and updating said Dynamic 
Update Buffer accordingly. 

31. The method according to claim 1 Wherein said gen 
erating step is performed by a Display Update. 

32. The method according to claim 30 Wherein said 
interpreting and updating step is performed cyclically to 
generate desired outputs periodically. 

33. The method according to claim 1 further comprising 
providing said output to an Output Manager Which provides 
at least one display unit With ?nal data. 

34. The method according to claim 33 Wherein said 
Output Manager is provided With exact format and charac 
teristics of said at least one display unit. 

35. The method according to claim 33 further comprising 
stopping execution of said Virtual Engine and all said output 
to said Output Manager to stop a display. 

36. The method according to claim 1 further comprising 
testing and validating said user-de?ned data objects. 

37. The method according to claim 1 further comprising 
interpreting said Bytecode in units of objects selected for 
interpretation based upon display object internal criteria. 

38. A method of creating a display application compris 
mg: 

receiving a set of user-de?ned display data objects and 
attributes speci?c to the display application created 
using a user interface tool; 

transforming said user-de?ned display data objects into a 
Bytecode Which provides information needed by a 
Virtual Engine to produce functionality and products 
intended for the display application; 

storing static data of said Bytecode in a Static Object 
Buffer and making it available to an Output Manager; 

managing multiple sets of dynamic data of said Bytecode 
in a Handle Table Which includes information about 
Where each dynamic data set is stored and a list of 
actual output data; 

storing dynamic data in a Dynamic Update Buffer to 
prevent one of incorrect usage and access of said 
dynamic data While said dynamic data is still being 
updated in said Handle Table; 
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interpreting said dynamic data and updating said Dynamic 
Update Buffer With said interpreted data; and 

generating output from said Dynamic Update Buffer to 
said Output Manager, that represents information pro 
vided in said Bytecode. 

39. A system for creating a display application compris 
mg: 

means for receiving a set of user-de?ned display data 
objects and attributes of said display data objects 
speci?c to the display application; 

means for formatting said display data objects into a 
Bytecode that de?nes components and attributes of the 
display application; 

means for providing said Bytecode to a Virtual Engine; 
and 

means for generating an output that represents informa 
tion, functionality and behavior of the display applica 
tion provided in said Bytecode. 

40. A system for creating a display application compris 
mg: 

means for receiving a set of user-de?ned display data 
objects and attributes speci?c to the display application 
created using a user interface tool; 

means for transforming said user-de?ned display data 
objects into a Bytecode Which provides functionality 
and products intended for the display application 
needed by a Virtual Engine to produce the display 
application; 

means for storing static data of said Bytecode in a Static 
Object Buffer and making it available to an Output 
Manager; 

means for managing multiple sets of dynamic data of said 
Bytecode in a Handle Table Which includes information 
about Where each dynamic data set is stored and a list 
of actual output data; 

means for storing dynamic data in a Dynamic Update 
Buffer to prevent one of incorrect usage and access of 
said dynamic data While said dynamic data is still being 
updated in said Handle Table; 

means for interpreting said dynamic data and updating 
said Dynamic Update Buffer With said interpreted data; 
and 

means for generating output to said Output Manager from 
said Dynamic Update Buffer that represents informa 
tion provided in said Bytecode. 

41. The system according to claim 40 further comprising 
means for generating a Working Copy of said Bytecode from 
Which said static data and said dynamic data are obtained. 

42. The system according to claim 40 further comprising 
means for stopping execution of said Virtual Engine and all 
said output to said Output Manager to stop a display. 

43. An apparatus for creating a display application com 
prising: 

a user interface tool Which creates display data objects 
and attributes of said display data objects speci?c to the 
display application; 
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an object compiler Which formats said display data 
objects and said attributes into a Bytecode; and 

a Virtual Engine Which interprets said Bytecode to pro 
duce a predetermined functionality and products 
intended for the display application. 

44. The apparatus according to claim 43 Wherein said 
object compiler is embedded Within the user interface tool. 

45. The apparatus according to claim 44 Wherein said 
object compiler resides and is eXecuted on a data processing 
system. 

46. The apparatus according to claim 43 Wherein said 
object compiler maintains a master list of all said display 
data object and said attributes of said display data objects. 

47. The apparatus according to claim 43 further compris 
ing means for generating a Working Copy of said Bytecode. 

48. The apparatus according to claim 47 further compris 
ing a Static Object Buffer Which stores static data from said 
Working Copy of said Bytecode. 

49. The apparatus according to claim 48 further compris 
ing a Handle Table Which manages multiple sets of dynamic 
data from said Working Copy of said Bytecode, said Handle 
Table Which includes information about Where each data set 
is stored and a list of actual output data. 

50. The apparatus according to claim 49 further compris 
ing a Dynamic Update Buffer Which stores dynamic data to 
prevent one of incorrect usage and access of said dynamic 
data While said dynamic data is still being updated in said 
Handle Table. 

51. The apparatus according to claim 50 further compris 
ing a Display Update Which interprets said dynamic data and 
updates said Dynamic Update Buffer With said interpreted 
data. 

52. The apparatus according to claim 50 further compris 
ing a Dynamic Bytecode History storage Which stores said 
dynamic data from said Handle Table for error recovery. 

53. The apparatus according to claim 51 further compris 
ing an Output Manager Which provides ?nal data to at least 
one display unit from said Dynamic Update Buffer. 

54. The apparatus according to claim 43 Wherein said 
Virtual Engine is reusable. 

55. The apparatus according to claim 43 Wherein said 
Virtual Engine is only veri?ed/certi?ed for a ?rst system 
application. 

56. The apparatus according to claim 43 Wherein said user 
interface tool is provided on a personal computer. 

57. The apparatus according to claim 43 Wherein said 
display data objects are de?ned as at least one of static and 
dynamic. 

58. The apparatus according to claim 43 Wherein said 
display data objects are de?ned in a speci?c format and 
syntax. 

59. The apparatus according to claim 43 Wherein each of 
said display data objects is encapsulated. 

60. The apparatus according to claim 43 Wherein said 
user-de?ned display data objects and said attributes of said 
display data objects are converted into a scripting language. 

61. The apparatus according to claim 43 Wherein said 
display data objects are menu-driven. 

62. The apparatus according to claim 43 Wherein said 
display data objects include lines, circles, ellipses, rect 
angles, polygons, teXt, numeric readouts, tapes, bars, ADI, 
HIS, ?lled dials, and World maps. 

63. The apparatus according to claim 43 Wherein said 
attributes of said display data objects include height, Width, 
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color, text, size, position, minimum value, maximum value, 
current value, sign enable, rotation, group ID, object cap 
tion, line patterns, and digit formatting. 

64. The apparatus according to claim 43 Wherein said 
display data objects maintain a static copy of original 
attribute data, a dynamic copy, a storage for computational 
data, and reference to any unique error handling. 

65. The apparatus according to claim 43 Wherein said 
display data objects and said attributes of said display data 
objects are checked and validated based on said scripting 
language. 

66. The apparatus according to claim 65 Wherein said 
scripting language comprises distinct sections that include 
lexical and syntax information. 

67. The apparatus according to claim 66 Wherein said 
sections include static text and dynamic graphical objects. 

68. The apparatus according to claim 43 Wherein said 
Bytecode of the display application is displayed and 
executed on one of a host computer Where local testing and 
validation of the application softWare can take place, and a 
target computer that is part of an operational system. 

69. The apparatus of claim 43 further comprising a 
database in Which said user interface tool stores said display 
data objects and attributes. 

70. The apparatus according to claim 43 Wherein said 
Bytecode is interpreted in units of objects selected for 
interpretation based upon display object internal criteria. 

71. A computer-readable medium having contents that 
cause a computer system to create a display application, the 
computer system having a program that performs the steps 
of: 

receiving a set of user-de?ned display data objects and 
attributes of said display data objects speci?c to the 
display application; 

formatting said display data objects into a Bytecode that 
de?nes components and attributes of the display appli 
cation; 

providing said Bytecode to a Virtual Engine; and 

generating an output that represents information, func 
tionality and products of the display application pro 
vided in said Bytecode. 
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72. A computer-readable medium having contents that 
cause a computer system to create a display application, the 
computer system having a program that performs the steps 
of: 

receiving a set of user-de?ned display data objects and 
attributes speci?c to the display application created 
using a user interface tool; 

transforming said user-de?ned display data objects into a 
Bytecode Which provides information needed by a 
Virtual Engine to produce a predetermined functional 
ity and products intended for the display application; 

storing static data of said Bytecode in a Static Object 
Buffer and making it available to an Output Manager; 

managing multiple sets of dynamic data of said Bytecode 
in a Handle Table Which includes information about 
Where each dynamic data set is stored and a list of 
actual output data; 

storing dynamic data in a Dynamic Update Buffer to 
prevent one of incorrect usage and access of said 
dynamic data While said dynamic data is still being 
updated in said Handle Table; 

interpreting said dynamic data and updating said Dynamic 
Update Buffer With said interpreted data; and 

generating output to said Output Manager from said 
Dynamic Update Buffer that represents information 
provided in said Bytecode. 

73. A computer system for creating a display application, 
the computer system comprising: 

a memory including at least one program for receiving a 
set of user-de?ned display data objects and attributes of 
said display data objects speci?c to the display appli 
cation; formatting said display data objects into a 
Bytecode that de?nes components and attributes of the 
display application; providing said Bytecode to a Vir 
tual Engine; and generating an output that represents 
information, functionality and products of the display 
application provided in said Bytecode; and 

a processor for running said program. 

* * * * * 


